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Why?

NRC Committee –
New/recent challenges



National Research Council Major FindingsNational Research Council Major FindingsNational Research Council Major FindingsNational Research Council Major Findings

1.Our ability to quantify spatial and temporal 
variability in recharge and discharge is 
inadequate and must be improved.

2.The roles of groundwater storage, and2.The roles of groundwater storage, and 
recharge and discharge fluxes in the climate 
system are poorly understood.

3.Better measurements are needed as well as 
better ways to scale measurementsy



Spatial
variability
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LocalLocal--scale heterogeneityscale heterogeneity

• Interlayering of sand and organics
• Trapped gasTrapped gas
• Vegetation zones
• Stage changes – shoreline movementsStage changes shoreline movements
• Anthropogenic effects (veg. removal, veg. 

enhancement, beaches, prop wash)enhancement, beaches, prop wash)
• Stream meanders, hyporheic effects



Geological 
controlscontrols

Trout Lake, 
WIWI

Krabbenhoft and Anderson, 1986, Ground Water



ManagementManagement--
scale scale 
heterogeneityheterogeneity

Geological
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Geological 
controls Fast seepage 

through sinkholes

Mountain 
Lake, FL

Belanger and Kirkner, 1994, Lake 
& Reservoir Mgmt.



How?

The original half-
barrel seepage meter

David Lee, 1977, David Lee, 1977, Limnology and Limnology and 
OceanographyOceanography

• Direct measurement of flux

• Measure flows from ~0.1 to 
~500 cm/d      (10‐8 to 5x10‐5

m/s)

• Modified versions can 
measure down to ~0.00001 
cm/d or up to 5000 cm/d or 
more



Mirror Lake, NH

Rosenberry, 2005, 
Limnology and 
Oceanography-Methods.



Why is this important?Why is this important?
• It’s where all the action is
• More water is lost via GW 

th i th tl tthan via the outlet
• Greater flushing rate –

implications for water 
quality and road-salt q y
contamination

0 20 40m

Gagliano et al., 2009, SAGEEP
Mitchell et al., 2008, SAGEEP
Rosenberry, 2005, L&O-Methods
Rosenberry & Morin, 2004, Ground Water



Red Rock Lakes,Montana
• Largest US trumpeter swan rookery outside 

f Al kof Alaska

• What is GW discharge relative to other 
water-budget components?



Spatial variability
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Heterogeneity is a bigger problem yet in fluvial settings Heterogeneity is a bigger problem yet in fluvial settings 

Donald RosenberryDonald Rosenberry

floodplain meander

Donald RosenberryDonald Rosenberry
US Geological Survey
Denver, Colorado, USA150 m

Lautz & Siegel, 2006Woessner 2000 g ,Woessner, 2000

pool-riffle

bar

Focused 
discharge

Gooseff et al., 2006 Burkholder et al., 2008



Seepage meter modified 
for use in flowing waterfor use in flowing water

Rosenberry, 2008, J.Hydrology



South Platte South Platte 
RiverRiver

Allegheny Allegheny 
RiverRiverRiverRiver RiverRiver

Rosenberry & Pitlick, 2009, Hydrol. Proc. Rosenberry et al., 2012, Hydrol. Proc.
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Why is this important?Why is this important?

• Biomass distribution

• Oxygen in the sediment

• Metabolism

• Respiration

• GW discharge versus 
hyporheic exchange

• Nitrification/denitrification

Cronin et al., 2007, Freshwater Biology

McCutchan et al., 2002, Limnology and Oceanography



Temporal variability affects 
• Physical conditions in the substrate

Temporal
variabilityy

• Geochemistry
• Biology

variability
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But does this matter?
and if so, on what temporal scale?, p

1.50 Lake Oneida, NY
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When will it 
ever end!?

It depends

Flux rate (cm/d)   Bag-attachment time
0.1 0.25 to 2 days

1 1 to 10 hours

ever end!?

10 10 to 60 minutes
100 1 to 10 minutes

1000 30 to 90 seconds

T l i bilit i•Temporal variability is 
time integrated.

•This measurement 
method leads to the 
concept that seepage 
rates change veryrates change very 
little.



Reinforced by 
averaging multiple 

Rosenberry, 2005, Limnology and Oceanography-Methods

g g p
measurements and 
report the mean

Simpkins, 2006, Ground Water

Cable et al., 2006, Limnology and Oceanography-Methods



Flowmeter 
mounts 
inside 

Automated sensors 
provide much greater 

dome
p g
temporal resolution

ESM and piezometerESM and piezometer 
used in conjunction

Cable to 
electronics boxelectronics box

Cable from 
seepage meter



Mirror Lake, NH
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Ashumet Pond, MA



Small 4 mm rainstorm

Afternoon waves

• Seepage response is fast 
and substantial even with

1-min. averages

and substantial even with 
only 4 mm of rain.

• Chemical loading could 
come via release ofcome via release of 
chemicals in near-shore 
sediments with a bigger rain.



Shingobee Lake, MN



Evapotranspiration (and rain?)



Well maybeWell, maybe



• ~10 percent diurnal change 
in seepage even where 
seepage is fast

• Could be reversals in 
seepage if seepage is slow

• Residence time implications

• Biological and geochemicalBiological and geochemical 
implications



Great Salt Lake, UT



Lake seiche



Selenium in the Great Salt Lake
So what?



“ One of the Western. . . One of the Western 
Hemisphere’s most important 
migratory bird habitats.”  

“. . . The formation of a multi-
agency task force to determine 
levels of anthropogenic 
compounds, including 
selenium”

Utah DWQ





Shingobee River



Who knows?



Russian River, CA







Minnow!





Spawning 
ddredds

Alexander and Caissie. 2003. Ground Water
Brown and  Ford. 2002. River Research and 

Applications
Moir et al. 2002. Geomorphologygy
Morrison et al. 2002. Journal of Hydrology
Soulsby et al. 2001. Regulated Rivers: Research & 

Management
Baxter and Hauer. 2000. Journal of Fisheries and 

Aquatic ScienceAquatic Science
Baxter and McPhail. 1999. Canadian Journal of 

Zoology 
Garrett et al. 1998. Journal of Fisheries Management
Pitlick and Van Steeter. 1998. Water Resources 



Seepage is small and downward No problem for fry hangingSeepage is small and downward.  No problem for fry hanging 
out in the gravel.

River stage

Seepage, cm/d



Until nighttime when river stage drops and 
b dseepage becomes upward
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So who cares?

Plants
Benthic invertebrates
Endangered speciesg
Fish
Ecologists
Geochemists
Geomorphologists
Engineers (and water suppliers)
Hydrologists and hydrogeologists
Resource managers



• Denis LeBlanc, USGS Mass. WSC
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But seepage can 
vary substantially 
over time in some 
places

Minnow trap spring
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Output in a controlled environment
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When will it 
ever end!?

Tedious and labor 
intensive ever end!?intensive



A better way

Rosenberry, 2005, 
Limnology and 
Oceanography-Methods.


